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NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE NO. 1524

TAKE-OFF PERFORMANCE OF
LIGHT TWIN-FLOAT SEAPLANES
By John B. Parkinson

SUMMARY

The take-off performance of light twin-float seaplanes of the
personal-owner or military-cbeervation type is investignted by means of
typical take-off caloulations. It is shown that, in general, the take-
off performance of seaplanes of thie type is adversely affected dy high
resistance at planing speede. Various means are suggested for reducing
thie reeistance and obtaining large reductions in the required take-off
time and dietance. Deeign considerations for twin flcate for landplane
ocnversions are diecuseed, and procedures for using existing data for
estimation of their take-off characterietics are outlined in an appendix.

INTRODUCTION

Twin-float seaplanes of the personal-owner or military-cbservation
type are usually conversions of exieting smll landplanes in which the
landing gear is replaced by etandardized floats with the minimm of
other alterations to the basic deeigns. Their take-off performance ie
dominated by inherent aerodynamic and power-plant chareacteristics of the
type and by the buoyancy and stability requirements of the flcat syetem.

A survey of contemporary light airplanes indicatee that there are
two categories of interest from the point of view of take-off performance.
The first, referred to as category 1, includes the smaller elow-speed
types with high power loadings (above 18 1b per hp). Airplanee in thie
category usually have very low wing loadings and take-off speeds dut, on
the other hand, have high parasite-drag coefficlents, which affect take-
off performance adversely. The second, referred to ae category 2,
inoludes larger, aerodynamica. cleaner types with relatively high wing
loadings (above 14 1b per sq ft). Airplanee in this category are usually
higher powered but have high take-off apeede for the size of thelr floate,
that is, high values of the Froude number (Speed/ Linear dimension).

In order to inveetigate the problem of water resistance for airplanes
of the type considered, take-off performance calculations were made for
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a hypothetical twin-flcat seaplane in each category. The results are
indicative of the importance of resistance in the development and cpera-
tion of small water-based airplanes. The procedure followed illustrates
the application of existing data to the design of twin floats for light
airplanes.

ATIRPLANRE SPECIFICATIONS AND CHARACTERISTICS

Typical specifications and computed characteristics for alrplanes
- in both categories of interest, published in reference 1, are liasted in
table I. These airplanes are repreeentative of light-plane types capable
of conversion to twin-float seaplanes, and their characteristics provide
appropriate aseumptions for calculating specific take-off performance in
each category.

The airplanee of category 1 have wing loadings of about 7 combined
with the high power loadings. With an aesumed propeller efficiency of
0.8 , the calculated parasite-drag coefficients based on the listed

-  maximum speeds vary from 0.033 to 0.067. The airplanse of category 2
have power loadings of from 14 to 16 pounds per horsepower combined -
with the higher wing lcadings. The parasite-drag coefficients of the
second category vary from 0,016 to 0.032.

Geometric aspect ratios average 7.5 for the firet category and 6.9
for the second; there ie no eesential difference between the two groups
in thie respect. The effective aepect ratios during take-off will be
higher for both because of ground effect.

Two-blade propellers with tip speeds below 850 feet per eecond are
employed for all the airplanse considered. Those for the firet category
are the simple fixed-pitch type, whereas thoee for the eecond require
high enough blade settings at maximum speed to Justify the use of con-
trollable pitch for adequate take-off performance.

TAXE-OFF CAICULATIONS
Airplane Characteristice

The airplane characterietice assumed for the take-off calculations,
based on the specifiocations listed in table I, are given in table II.
S8eaplane A is representative of category 1, the large class of perscnal
airplanes used for sport flying. Seaplans B ie representative of
the higher-performance light planes of category 2 used for advanced sport,
commercial, and military purposes.
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The effective aspect ratio including ground effsct for both sea~
planes 1s arbitrarily assumed as 8.0. This assumption has a minor effsct
on the results of the calculations.

The assumed values of parasite-drag coefficient excluding floats
correspond to relatively high and low values in table I. In selection of
these values it was mssumed that, in a conversion, the drag of the fixed
landing gear is replaced by that of the strut system supporting the
floats. The aerodynamic drag of the floats themselves during take-off
is included in the water-resistance data from tank tests at the Langley
Laboratory of the National Advisory Committee for Aeronautics.

Wing and Propeller Characteristics

Lift and dreg.- A rectangular unflapped wing having an NACA 23012
section was assumed for both seaplanes., Lift and drag coefficients of
this ving for an aspect ratio of 8.0 were estimated from figure 15 of
reference 2 and are plotted herein against angle of attack in figure 1.

The angles of wing setting chosen (see tadle II) represent the
usual compromise between a high setting favorable for take-off and a
low setting favorable for flight. The values agsumed for each seaplane
are representative of practice.

Thrust.- The thrust in the take-off range for each seaplans was
estimated from figure 7 of reference 3. The same blade angle was
assumed for both. Computations of the thrust for seaplane B at the
blade angles required for flight conditions indicate that controllable
propellera with low blade angles during take-off are usually required
for seaplanes in this category.

Float Characteristics

The primary requirements for twin-float systems for landplane con-
versions are: ‘

(a) Sufficient surplus buoyancy for flotation and seaworthiness

(b) Sufficient length and spacing for longitudinal and lateral
stability at rest

(c) Low enough water resistance for teke-off
(4) Adequate hydrodynamic stability and control

(e) Adequate epray control for prevention of damage and
corrosion

(£) Minimam effect on aerodynamic characteristics in flight

e T et B e S0 WA bk AL R Mt G e ( # S S%
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Conventiomal floata mseting the requirements named are fairly well
standardized. They usually have length-beam ratioa from 7 to 8, beam-
height ratios of about 1.0, and surplus bucyanciea of about 100 percent.
Decks and bows are rounded for streamlining, and stemms are adapted for
some form of water rudder. Ths bottoms consiat of forebody and after-
body planing surfacea separated by a transverss step and having angles of
dead rise ranging from 20° to 30°. Spray is controlled by spray stripa
or chine flare, whichever is more consistent with the generel construotion.

An NACA float suitable for light planes ia shown in figure 2. Off-
sets, atatic propertisa, generel resiagtancs data, and asrodynamic-dreg
data for this form are availeble in refsrencs k.

Float Sizs and Dimensions

The sizs of the floats must bo kept as small as possible oompatidle
with flotation, asaworthinesa, and sprey requirements to minimize adverse
asrodynamic effecta in flight. Ilarge floats have amaller resistance at
ths hump and correspondingly larger reaistanca nsar take-off, Experi-
ence has indicated the latter to be critical for smll seaplanes.

NACA model 57-B-5 waa teated for valuea of load coefficient Cp

aa high as 1.80. The sulmerged displacement in sea wvater oorresponds
approximately to &2 valus of load coefficient of 3.25. If ths groas load
cosffiocient CA° is assumed to be 1.80, the surplus bucyanoy ia

(3_2%'.%.'_80 100 = 80 percent

This value is the minimum desireble for ordinary service, although
acme military floats havs besn designed for leas. ‘A value of design
&ross load coefficisnt of 1.80 ia thus a maximum wvalue for & float of
oonventiomal proportions to favor asrodynamic performancs and high-speed
water reaistance.

The forebody of model 57-B-5 haa & value of length-beam ratio L

of k.17. At a value of sa load coefficisnt of 1.80 the sprey coef-
ficient k (reference Sfro

% 1.8

= 0,10
(k.17)2 2

Y

This valuse of k oorresponds to excessive low-speed spray for multi- (-
engine flying boats. It is believed, however, to De acoeptable for
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twin-float seaplanss because of the larger clsarances of the type as
compared with flying dboats.

With a value of gross load coefficisnt of 1.80, the over-all dimen-
sions of twin floats similar to model 57-B-5 for the hypothetical sea-
planes become

Seaplane A Seaplane B

Beam over sprey strips, feet . . + + . ¢« » . 1.755 2.215

Length, o0t ¢« o o ¢ o o ¢ o o o o o o = » » 13,23 16.70

n.’-ght,f“tooo-oluoo---o--o 1061 2.02

These dimensions are comparable with those of commerical floats for
similar seaplanes. Even the minimum size of float is large compared
with other airplane oomponents; thus, some compromime of meaworthiness
and spray characteristics to achieve the best over-all results is
Justified.

Procedure

The take-off calculations consist of computing the total resistance
and thrust availadble at various speeds for the assumed conditions and
dstermining the variation of net accelerating force with speed, the take-
off time, and take-off distance from these results. The variation of
friction forces with scale may usually be neglected; and, at practical
float spacings, intsrference effects on the resistancs may be considered
negligible. Because the taks-off problem is greatest in a flat calm, it
is assumed that there is no wind, Details of the calculations are given
in the appendix.

For seaplanes A and B the floats were considered to be free to trim
(zero trimming moment about the center of gravity) up to a speed beyond
the hump speed where planing on the forebody alone is well establishsd.
The remainder of the take-off was considered to be at a trim of 6° (nsar
the trim for minimum water resistance). The high-speed portion of the
run was also calculated for a trim of 8° (the highest cbtainable without
transferring the entire load to the afterbody) in order to investigate
the effect of reduction in take-off speed by this means.

The speed coefficients and load coefficients involved in the take-
off of seaplans A are within the range of the tank data for ths float
(reference 4). Ths values of the coefficients for seaplane B at planing
speeds, however, are outside the scope of the tank data, and the water
resistance during the planing run must be estimated by other means. The
method employed is also given in the appsndix.
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RESUITS AND DISCUSSION

The results of ths calculations are plotted in the usual form.
againgt speed for seaplane A in figure 3 and for seaplane B in figure 4.
Ths net aocoelerating force (difference between thrust and total resist-
ancs) at the first hump is large for both seaplanes but becomes very
smrll near take-off at either 6° or 8° trim. This distribution of the
acosleration is in general accord with operating expsrience with light
seaplanss. The effscts are, however, somewhat exaggerated because of the
assumption of no wind and because of the favorasble scale effeot on
frictional resistance not taken into account in the calculatioms.

The take-off speeds corresponding to the estimated 1ift coeffiolents
and assumed trims are high as compared with reported landing speeds of
light airplanes but are representative for seaplane operation in the
absencs of wind and for the angles of attack corresponding to the wing
settings assumed. The float trims are the maximum obtainable with the
step in the water near take-off. The take-off speeds could be reduced
by higher angles of wing setting but such settings would result in larger
negative attitudes of the floats in flight.

The lines drawn between total resistance and thrust on a slope of
gross weight W over the acceleration of gravity g plotted on the
force and speed scales respectively, represent one-second intervals
during the take-off (refsrence 6). The distance traveled each second
is equal numerically to the mean speed during that second. Total take=
off time 18 the sum of the vertices formed by the lines, and take-off
distance 18 the sum of the speeds at each vertex. The take-off perform-
ance determined in this memner is included in figures 3 and 4,

Both seaplanes pass through the first hump in a few seconds but
the total take-off time is inordinately long because of the proximity of
thrust and resistance near take-off. Increasing the trim from 6° to 8°
reduces the take-off speed but increases the total resistance. Conse-
quently, no gain in over-all performance can be expected by pulling up
unless the available elevator moment is sufficient to pull the main step
clear and eliminate the high resistance caused by the fact that the
afterbody runs in the wake of the forebody.

The high resistance near take-off i1lluatretsd by the results of the
calculations immediately suggests a means of making a large improvement
in the design of floats for light seaplanes and floats which operate at
very high water speeds in general. The high resistance is inherent in
oonventional floats because of insufficient afterbody clearance and may
be greatly reduced by increasing the clearance if the primary functions
of the afterbody are not unduly impaired.

Afterbody clearance may be increased by displacing the forebody and
afterbody vertically and by thus increasing the depth of step. This
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modification has a smll adverse effeot cn the low-speed hump resistance,
wvhich 18 not critical, but inoreases the dreg in flight and the structurael
discontinuity. The adverse effeots may be minimized Dy & suitable etep
fairing.

The need for increased afterbody clearance alac euggests the appli-
cation of the NACA planing-tail hull (reference 7) to.seaplans float
aystems. This form has extreme afterbody olearmance and low resietance
at all speeds without undue penalty in aerodynamic drag (reference 8).

In order to evaluate the possible improvemsnt at high planing speeds
offered by the gla.ni -tail hull, take~-off calculations were made for
seaplans B at 6° and trim, comparable to those of figure %, using the
resistance data for Langley tank model 163A-11 (reference 7). Thie
elementary hull (fig. 5) has an over-all length-beam retio of 8.0 amd a
forebody length-beam ratio of 4.0; it is thus comparable in over-all
proportions with model 57-B-5. The form of deck, however, must be adjusted
to attain ths proper distridbution of duoyancy for a eesaplane float.

The reeults of the caloulations areplotted in figure 6. The large
afterbody clearance afforded by the planing-tail form eliminatee the high-
speed hump charecteristic of the conventional float under the sams condi~
tions. It aleo offers the poesidility of taking off at higher trims and
lower speeds without increasing take-off time or distance. The take-off
performance in the planing range from 67 feet per second to get-away
compares with that of ymdol 57-B=5 am follows:

Trim Model Time
(deg) (seo)

6 57-B-5 : 22 2260

163A-11 12 1150

6
8 57-B-5 27 2680
8

163A-11 10 920

Thus, although the differences in performance may be exaggsrated dYy the
calculated proximity of the resietance and thrust curves for the conven-
tional float, there is a strong indication that increaeing afterbody
slearance by a large amount or adapting the planing-tail hull form for
floats constitutes the most frultful meane of improving the take-off of
light seaplanes.

According to information obtained from technical observers visiti
the German DVL tank at Hamburg, reeistance at high speeds of a hull \du
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ingufficient afterbody clearance may be reduced by a eeries of small
auxiliary steps on the afterbody. An arrangement of suoh steps reported
to have been used on the Blohm and Vose 222 flying boat 1e 1llustrated in
figure 7. They are essentially small wedgee fitted in rows behind the
rhallow step for the first 50 percent of the afterbody length and their
contribution to the aerodynamic drag of the hull would obviously be small.
The resulte of the take-off calculations with conventional floats indicate
that strategically located auxiliary eteps might provide a simple meane
of improving the teke-off performance of standard floats that stiok"
near get-away. ¥or light seaplanes the effect of the eteps could best be
investigated by experiments on aotual floats.

CONCLUDING REMARKS

Iight twin-float seaplanse are apt to have poor take-off performance
bscause of high water reeietance at speeds near take-off. The development
of float forms affording large afterbody clearance and reduotion in
reeletance at planing speeds offers the most promiee in improving the
take -off performance of the type. The form of the NACA planing-tail
hull is of particular intereet for application to float syetems because
of 1te low resistance characteristice. Further tank teete of planing-
tail hulle suitable for floats at higher epeeds and loade than heretofore
tested would be of value in the field of reeearch on light airplanes.

Langley Memorial Aercnautical laboratory
Naticnal Advieory Comeittee for Aercnautics
langley Field, Va., October 29, 1947
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APPENDIX
CAICULATION OF TOTAL RESISTANCE
OF A TWIN-FLOAT SEAPIANE DURING TAKE-OFF

Coefficlents

The hydrodynamic and aerodynamic coefficiente employed in the take-
off calculatione are defined as follows:

load coefficient (Aj)
Wb

reelstance coefficlent B
vb3

b

alrplane 1ift coefficient (-—-—-—)
2

epeed coefficient (—!—)

airplane drag coefficient -2
gev%

load on each float, 1b

wvater reeietance plus air drag of each float, 1b
vater and alr epeed, fps

specific weight of eea water (64 1b per cu ft)

beam over epray etrips for model 57-B-5 or beam of hull for
model 163A-11, ft - -

acceleration due to gravity (32.2 ft per sec?)
ving 1ift, 1b -

airplane drag excluding flonte, 1b

wving area, eq ft

air dennity at sea level (0.002378 1b-ft-% sec?)
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For the values assumed for seaplanes A and B, the coefficients
become

A A
CA-W-W (seaplane A)

A

R Y
CA = Eh(2.015)3 Zoh (seaplane B)

Cgp = 3% (seaplane A)

Cp= Zgﬂ (seaplans B)

(meaplans A)

v v
?V \/52.221.755)" 751

v v
Cy \B2-2(2.215) ~ 8.8 (secplans B)
L= %23.'@) 167C;V2 = 0.1985C,V2

(seaplanes A and B)

D= 0.19$CDV2 (seaplanss A and B)

Calculations

Free to trim.- For the free-to-trim condition, the resistance
coefficlent and trim with zero trimming moment at a succession of speed
coefficients is obtained from figure 15 of reference 4. Since this
figure only includes data up to = 3,6, figure 14 (reference 4) is
assumed to apply at higher speed coefficients. The steps in the cal-
culation at each speed coefficient are conveniently tabulated as follows:
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! -
L'E Value
Symbol Definition Source eaplane A | BSeaplane B
b, Load per float Table II 25 1250
at rest, 1b
CAo Load coefficient Equation (1) 1.80 1.8
at rest
Vg Get-away speed Equation (k%) ™ 108
for 9° trim,
fps
Cy Speed coefficient Agsumed 3.6 3.6
v Speed, fps Equation (3) 27.0 30.4
ve Bpeed squared, ve 730 922
(fps)
c Approximate load | Cn |1 - 1)2 1.56 1.66
s & coefficient VG
"'1 Approximte trim, Figure 15 of 11.5 11.8
- deg .reference 4
o Angle of attack, Ty + Wing
deg setting
(Table II) 16.5 15.8
CL Lift coefficient Figure 1 1.34 1.29
Lift, 1b Equation (%) 19% 236
L
d loat, X -2 28 1132
A Load on float, 1b 4, 3 5 3
Ca Load coefficient Equation (1) 1.52 1.63
T Trim, deg Figure 15 of
reference b 11.3 11.7




(L) 2A9T20°0 = ZAB0T*0(Sg6T°0) = a
9 ZASHOT 0 = A£6°0(SG6T°0) = 1T
s £f7dmts emwooeq
ueys () vue () swopywnby 601’0 otozexewy 1 Ty puw ‘6y0°0 81 Mo ‘60 87 Tp ‘1 eIy
WOIJ *,TIT 87 Y euvydees 107 Bupa ey Jo You3® Jo er¥un oyy ‘eydmwxe 07 ‘o9 JO WX} ® Y

* L1es9oo0u j0u oxw suoljwwrxoxdds
OATSSQ0ONS OF) PUT UAOWY GJB PEOT PUV M[I3 oy} 3%q3 3d00X0 UOTIWIMOTEO WI3-03-081F 6U3 03 JW[TWIS ST
OIQUITVAR 6I% BIWDP 3903 [WICUed oY) UOYA WIIJ WAATS ¥ JOJ UOTIEINOTED Oy -°y ouviduves ‘WLI} POXL

NACA TN No. 1524

€26 162 q+y2 qQT ‘eoumseisex 1830y a+ue
02 134 (G) uvoryenby qr ‘Burp euwrdary

96T°0 mao + "0, JUOTOTJ3000 Furp euwrdiTy

090°0 . II e1qsL JUefITIJe00 Durp-e3(ewaeg

960°0 T amirg JUeTOTFJ000 Buap Purpy
€91 Buryyew Buty + 1 Sep ‘yowmyw Jo erfuy
206 ge2 g qT ‘8390TF UTA3 JO eouwisisey
1% %It {(2) worawnby QT ‘30T yowe Jo eouwmysisey
29¢€°0 g2t o % S0ueI9FaI Jo T avdry JUOTITFFO00 eoUwWIBT8eY

g euvidueg | y euvldueg eoamog UOT3FUIFeQ Toquig
onTeA

$8AOTTOJ 9% POJUTNOTEO USY3 ST JUWIS[SAI [U303 oY) .._”._. pus ._”<o J01
wraroxdds puooes oy} #% senTwa 38Ul oy} Bursn pejwedex oq prroa uworywiedo ewes eyy ‘o8 oOp 30U PIP
Loqy JI - ALyesoro senytwa eqmmpxoadds 3SITI 6y} YOOUD WX} PUB JUOTOTJJO0D PEOT JO SOnTBA 080UJ,




NACA TN No. 1524

The remainder of the calculation is tabulated as follows:

Symbol| . Definition Source

Cv 8peed coefficient Assumed
v Speed, fps Equation (3)
v2 Speed squared, (fps)2 v2

L Lift, 1b Equation (6)

Load on float, 1b o, - -:— 5k

Load coefficient Equation (1) 0.160
\

Resistance coefficient Figure 14 of reference L O.‘175
Resietance of each float, 1b Equation (2) 61

2R Resietance of twin floats, 1b 2R 122
D Airplane drag, 1b Equation (7) 134
2R + D | Total resistance, 1b 2R + D 256

Fixed trim, seaplane B.- The values of speed and load coefficlents
involved in take-offs of the category repreeented by seaplane B are out-
eide the scope of the available tank data in reference L. The water
resistance of seaplanes in thie category at planing speeds may be esti-
mated by assuming that the load-resistance ratio A/R or CA/CR is

constant for a given value of the planing coefficient (reference 9)
C

A
TR
The planing coefficient may also be written as

R

Ty

which 1e a moure convenient form for plotting.

Plote of A/R against the parumeter -l/CA at various valuee of

C, for model 57-B-5, derived from figure 14 of reference 4, are shown
herein in figures 8 and 9 for trims of ° and 8°, respectively. Similar
plote for model 163A-11, derived from figuree 5, 6, and 7 of reference 7,
are shown herein in figures 10 and 11. ?;t is seen that the data for both
the conventional and planing-tail forms collapse well enough in thls
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TABIE II

ASSUMED ATRPIANE CHARACTERISTICS
FOR TAKE-OFF CALCULATIONS

Seaplane A

Gm!!wisht,lbuuclnlnn . 1250

Wing area, Bq ft « « « s o o o o . 167

Engine horsepower. . « « « « o+ 5 66

Engine revolutions per minute at
TBtod POWOr ¢ o« ¢ o ¢ o o o o o 2300 2050

Propeller tyPe ¢« « ¢ ¢ o ¢ o o o Two blads, Two blade,
ce fixed pltch controllable
pitch
Propeller diameter, ft . « « +» « « & 6.0 7.3
Propeller blade angle at 0.75 radius 15.0 15.0

Wing loading, lbper eq ft « « « . . TS5 15.0

Power loading, lb per hp « « « « ¢ 19.0 15.0

Effective aspect ratio including
ground offect « + o ¢ ¢ ¢ o o o

Parasite drug coefficlent excluding
Floats =« o ¢ ¢ ¢ ¢ ¢ ¢ o o o o &

Angle of wing setting referred to
float base line, deg . . . . « «




o
w
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[

o
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Wing drag coefficient, Cp
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i 1 i

8 I'd 16 20
Angle of attack ,ex, deg
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Figure 1.- Assumed lift and drag coefficients for wing of seaplanes A
and B. NACA 23012 section. Effective aspect ratio, 8.0,
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Ths take-off performance of light twin-float seaplaoes of the personai or miiitary-
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